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The gene for aminopeptidase N (EC 3.4.11.2) has been located on the human chromosome lSql3-qter using HindHI- 
cleaved DNA from a panel of hybrids between rodent and human cells. The Southern blots were probed by the S-EcoRI 
fragment of the recently cloned human aminopeptidase N cDNA. 
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1. INTRODUCTION 
Aminopeptidase N (EC 3.4.11.2) is located in 
the small-intestinal and renal microvillar mem- 
brane, and also in other plasma membranes 
(reviews [ 1,2]). (Aminopeptidase N is suggested to 
be identical with peptidase E [3] in the A,B,C,D, 
E,S nomenclature system I4j.j 
In the small intestine aminopeptidase N plays a 
role in the final digestion of peptides generated 
from hydrolysis of proteins by gastric and pan- 
creatic proteases. Its function in proximal tubular 
epithelial cells and other cell types is still obscure 
although is, -K& i-n the T~~XYJX< of’ bG~<ugi&\~ ac- 
tive peptides has been suggested [5]. 
The conset 03 expressjon 05 anijnDpep$1~aseN oc- 
curs late during intestinal development and is dif- 
ferent ffram that of Iactase-ph1airzin @drolase and 
sucrase-isomaltase [6]. Its expression is known to 
be influenced by glucocorticoids [7,8]. 
Whereas the genes of peptidase A-D and S have 
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been localized [3,4], that of aminopeptidase N (i.e. 
peptidase ‘E’) has not. This paper reports on the 
chromosomal localisation of aminopeptidase N as 
part of a work aiming at an understanding of the 
regulation of the expression of aminopeptidase N 
at a molecular level. For this work restricted 
genomic DNA from rodent/human cell hybrids is 
probed with a DNA fragment from the recently 
cloned and sequenced aminopeptidase N cDNA 
191. 
2. MATERIALS AND METHODS 
2.1. Parental cells 
The parental HPRT-deficient rodent cell lines were mouse 
W&I anh A9 c&s anb CSnesehamsler Wp3-h. The parenta) 
human cells were female Fibroblasts with different balanced X- 
?&?Q,%some Wt.~~~~%s!!WSi~, t..sq\ O-WC QiS% +ia~ 6 ,u , GdJf+ 
(Xq’qrer-pL?j?: IQl’l’-qterjcedS were usea‘to prodhce tlie tiytirld’ 
445 x 392.Kl. 
The cell hybrids were produced by polyethylene glycol- 
mediated fusion of rodent cell lines and human fibroblasts, and 
human chromosomes in hybrid cell metaphases were analysed 
as described in [lO,ll] and table 1. About 12 metaphases were 
analysed for each cell hybrid. 
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2.3. DNA extraction, Southern transfer, and filter 
hybridization 
DNA was extracted from somatic cell hybrids according to 
Aldridge et al. [12]. DNA samples were digested with HindIII, 
separated electrophoretically on 0.7% agarose gels (50 V for 
20 h) and transferred onto Hybond-N membranes (Amersham) 
as in [13]. The probe used was a 1.76 kb 5 ’ EcoRI fragment of 
a human intestinal aminopeptidase N cDNA clone [9]. The 
DNA probe was labelled with 32P by nick translation to a 
specific activity of above 10’ cpm/pg. Hybridization, stringent 
washes and autoradiography were performed by established 
methods [12]. 
aminopeptidase N as the probe, 6 hybridizing 
bands are revealed in human genomic DNA 
whereas 3 cross-hybridizing bands are observed in 
mouse DNA and 2 bands in hamster DNA (fig.1). 
As the 5 ’ EcoRI fragment used as a probe has no 
Hind111 cleavage sites, the 6 hybridizing bands in 
the human DNA indicate that this part of the 
coding sequence at the genomic level is divided into 
at least six exons, assuming that none of the bands 
3. RESULTS AND DISCUSSION 
are due to cross-hybridizing genes or pseudogenes. 
In lanes 2 and 3 an RFLP is observed in the two 
mouse lines, A9 and RAG. In table 1 the segrega- 
tion of the human snecific bands and the I 
chromosomal contents of the hybrid cells is com- 
pared. Only chromosomes totally absent or present 
in at least 30% of the cells examined were taken in- 
to account, while those detected in less than 30% 
DNAs from 15 different human-rodent cell 
hybrids were analysed by Southern blotting after 
digestion with the restriction enzyme HindIII. Us- 
ing the 5’ EcoRI fragment of human intestinal 
Table 1 
Analysis of human chromosomes and human aminopeptidase N gene in 15 rodent-human cell hybrids 
Human-rodent 
hybrids 
Human chromosomes Human 
aminopep- 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 tidase N 
445 x 393 Kl 
697 x 175 K36 
617x347 K6 
422 K2 
749 
494 x 393 K6 
790x 175 K6 
750 
PI-RAG-72 
GO-RAG-4 
GM 194-RAG-7 
GM 194-RAG-5-5 
GM97-RAG-S-13 
GM89-A9-9c-7 
MS58-A9-26 
_ 
_ 
_ 
- 
_ 
- 
_ 
_ 
f 
+ 
_ 
_ 
_ 
+ 
+ 
+/+ 
-/- 
i/- 
-/+ 
Concordant 
Discordant 
10311122102112 30030113 
7 8 6 4 5 5 8 10 9 8 6 8 7 4 7 6 9 8 9 7 3 5 
2 2 3 6 5 5 3 1 2 2 3 3 350111 2 2 6 3 
341233123423310341 3 3 3 7 
8 8 9 5 6 6 10 12 10 8 8 9 8 6 10 6 9 11 9 8 4 8 
564888435656 6604525594 
a GM97-RAG-E-13 only contains the region pter-q12 of chromosome 1 
b GM194-RAG-7 and GM194-RAG-5-5 only contain the regions q21-qter and pter-q21 of chromosome 3, respectively 
’ MS%A9-26 only contains the region pter-q32 of chromosome 14 
d PI-RAG-72 only contains the region qlPqter of chromosome 15 
(+) Chromosome detected in at least 30% of hybrid cells; (1) chromosome detected in less than 30% of hybrid cells; (- ) chromosomes 
not detected 
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123456 78 kb 
-9.4 
-6.7 
-4.4 
-2.3 
-2.0 
Fig. 1. Detection of human aminopeptidase N gene sequences by 
Soutern blot analysis. Lanes: 1, human DNA; 2, RAG (mouse); 
3, A9 (mouse); 4, Wg3-h (hamster); 5, hybrid 422 K2; 6, hybrid 
75%. 7 _. b.ybrid_ MS%A_9-7Ji:. 8.. hybrid. GM.%.9-A_9-9c-7 . 
of the cells examined were considered uninfor- 
mative. The presence of the aminopeptidase N 
gene and human chromosome 15 in the hybrids 
shows 100% concordance. All other chromosomes 
showed at least 15% discordant segregation of the 
specific hybridization signal and a specific 
chromosome. One of the hybrids, PI-RAG-7-2, 
contains only the chromosome 15 fragment 
15q%3-qter. The aminapeptidase N gene probe also 
hybridizes to this hybrid leading to the conclusion 
that the aminopeptidase N (peptidase E) gene is 
located on chromosome 1 Sq 13-qter . 
The amino acid sequence of brush border 
aminopeptidase N (inclulting the active site> shows 
extensive homology with the E. coli enzyme (see 
[9], particularly fig.3), but also with other 
metallopeptidases, like therm&pin, human en- 
dopeptidase 24.11 and human collagenase [9]. This 
suggests 1na1 ihe meGhopephhases rri$n’c nave 
arisen from a common primordial gene by gene 
duplication. As collagenase is located on 
chromosome llqll-q23 [14,15], this might in- 
dicate that the duplication event occurred early in 
evolution. Other human peptidases (peptidases 
A-D, S) are all located on different chromosomes 
t3,41. 
The brush border of the small intestine contains 
a characteristic set of enzymes like the peptidases 
and glucosidases [ 1,2]. Of these sucrase-isomaltase 
has been located on chromosome 3 [IS], lactase- 
phlorizin hydrolase on chromosome 2 [17] and y- 
glutamyl transpeptidase on chromosome 22 
[l&19]. It is clear that the genes of enzymes 
belonging to the same metabolic pathway (pro- 
teolytic/catabolic pathway) and the same organelle 
(brush border) are not located on the same 
chromosome which is in line with data from other 
systems [20]. The genes of the brush border en- 
zymes are then far from each other and not under 
a common regulatory DNA element. This is also 
reflected by a difference in appearance during 
development 161. 
Acknowledgements: We thank S.R. Vestergaard and A. Byskov 
for expert technical assistance. This project has been supported 
by grants from the Danish Medical Research Coucil (12-7331, 
12-8115, and 12-8256), Danish Cancer Society (86-152), The 
‘&e&.oxQ FZ~sxk%.~,~~~~ and. The ?~~&,$&3c~ Fe%d&~. The 
project was part of a programme under The Biomembrane 
Research Centre and Bioregulation Research Centre at Aarhus 
University. 
REFERENCES 
111 Noren, O., Sjostrom, H., Danielsen, E.M., Cowell, G.M. 
and Skovbjerg, H. (1986) in: Molecular and Cellular Basis 
of Digestion (Desnuelle, P. et al. eds) pp.335-365, 
Elsevier, Amsterdam, New York. 
[2] Semenza, G. (1986) Annu. Rev. Cell Biol. 2, 255-313. 
\3\ S$stcom, H. aad Nacea, 0. <1986) in. MoLecuJac a&. 
C&&r- &&- crf Digcsticrn @&nu~~, i? ti al. e&j 
pp.367-379, Elsevier, Amsterdam, New York. 
[4] Rapley, S., Lewis, W.H.P. and Harris, H. (1971) Ann. 
Hum. Genet. 34, 307-320. 
[5] Kenny, A.J. and Stephenson, S.L. (1988) FEBS Lett. 232, 
1-8. 
[b] .%?~~-.4SS?r?~??, P.&I., xe&-ger, iaa., Grenier, J.F. iznd 
Haffen, K. (1982) J. Ped. Gastroenterol. Nutr. 1 
257-265. 
171 Danielsen, E.M. (1984) Eur. J. Biochem. 145,653-6%X. 
[81 Beckman, L. and Lundgren, E. (1969) Human Hered. 19, 
593-600. 
J93 Olsen, 3.. Cowell. G.M.. &ml&hoofer, E., Danielsen, 
E.M., Moller, J., Laustsen, L., Hansen, O.C., Welinder, 
307 
Volume 239, number 2 FEBS LETTERS November 1988 
K., Engberg, J., Hunziker, W., Spiess, M., Sjostrbm, H. 
and Noren, 0. (1988) FEBS Lett., in press. 
[IO] Oberlt, I., Camerino, G., Kloepfer, C., Moisan, J.P., 
Grzeschik, K.H., Hellkuhl, B., Hors-Cayla, M.C., Van 
Cong, N., Weil, D. and Mandel, J.L. (1986) Hum. Genet. 
12, 43-49. 
[ 111 Wieacker, P., Davies, K.E., Cooke, H. J., Pearson, P.L., 
Williamson, R., Bhattacharya, S., Zimmer, J. and 
Ropers, H.-H. (1984) Am. J. Hum. Genet. 36, 265-276. 
[12] Aldridge, J., Kunkel, L., Bruns, G., Tantravahi, U., 
Lalande, M., Brewster, T., Morean, E., Wilson, M., 
Bromley, W., Roderick, T. and Latt, S.A. (1984) Am. J. 
Hum. Genet. 36, 5466564. 
[13] Southern, E.M. (1975) J. Mol. Biol. 98, 503-517. 
[14] Church, R.L., Bauer, E.A. and Eisen, A.Z. (1983) 
Collagen Rel. Res. 3, 115-124. 
[15] Gerhard, D.S., Jones, C., Bauer, E.A., Eisen, A.Z. and 
Goldberg, G.I. (1987) Cytogenet. Cell Genet. 46, 619. 
[16] Green, F., Edwards, Y., Hauri, H.-P., Povey, S., Ho, 
M.W., Pinto, M. and Swallow, D. (1987) Gene 57, 
101-110. 
[I71 Kruse, T.A., Bolund, L., Grzeschik, K.-H., Ropers, 
H.H., Noren, O., Sjostrom, H., Mantel, N. and 
Semenza, G. (1988) FEBS Lett. 240, in press. 
[IS] Bulle, F., Mattei, M.G., Siegrist, S., Pawlak, A., 
Passage, E., Chobert, M.N., Laperche, Y. and Gruellaen, 
G. (1987) Hum. Genet. 76, 283-286. 
[19] Mattei, M.G., Bulle, F., Laperche, Y., Passage, E., 
Guellaen, G. and Mattei, J.F. (1987) Cytogenet. Cell 
Genet. 46, 657. 
[20] McKusick, V.A. (1986) Medicine 65, l-33. 
308 
